1. Introduction
===============

Gallstone disease (GD) can cause acute abdomen, jaundice, and abnormal liver function due to stones deposited in the gallbladder or bile ducts. This disease is widespread and is one of the most expensive digestive diseases around the world.^\[[@R1]\]^ It has been reported that GD comprises 13% to 50% of digestive diseases in Western countries, including the US and Europe, and 2% to 10% in Eastern countries, including South Korea.^\[[@R2]\]^ The prevalence of GD is known to vary greatly by region and race. In particular, well-established risk factors for GD include old age, female gender, obesity, metabolic syndrome, weight loss, Crohn disease, and chronic liver disease.^\[[@R3]--[@R5]\]^

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease that is most common in developed countries where no drugs have been approved as a standard therapy.^\[[@R6],[@R7]\]^ NAFLD occurs in patients who do not qualify as having consumed excessive amounts of alcohol or as fulfilling other known risk criteria for chronic liver disease. NAFLD is associated with various histological features, ranging from simple steatosis to steatohepatitis. Furthermore, NAFLD can develop into severe hepatic fibrosis, cirrhosis, and even hepatocellular carcinoma.^\[[@R8]--[@R10]\]^ This disease is closely related to extrahepatic diseases, including type 2 diabetes mellitus, chronic kidney disease, and cardiovascular disease.^\[[@R3]\]^ Qiao et al^\[[@R10]\]^ recently reported a significantly high prevalence of GD among NAFLD patients. They also noted that the prevalence of NAFLD and GD was high among the same subjects because NAFLD and GD share risk factors, such as obesity, type 2 diabetes mellitus, and peripheral resistance to insulin.^\[[@R10]\]^ Moreover, metabolic syndrome is also known as a risk factor for GD,^\[[@R11],[@R12]\]^ and metabolic syndrome, like NAFLD, shares risk factors with GD, including peripheral resistance to insulin, obesity, and dyslipidemia.^\[[@R13]\]^ Therefore, metabolic syndrome, NAFLD, and GD share common risk factors.^\[[@R9],[@R14]\]^

Regular physical activity (PA) reduces the incidence of chronic diseases, particularly cardiovascular diseases.^\[[@R1]\]^ Furthermore, PA has been reported to play a role in preventing NAFLD among obese patients.^\[[@R6]\]^ However, a lack of PA is associated with obesity, type 2 diabetes mellitus, and, accordingly, peripheral resistance to insulin as well as metabolic syndrome.^\[[@R1]\]^ These associations suggest that PA can reduce the incidence of NAFLD and metabolic syndrome. The authors hypothesized that PA might reduce GD prevalence by mitigating the effects of GD risk factors. Thus, the primary objective of this study was to determine whether PA could be an independent determinant of GD development according to the World Health Organizations Global Recommendations on PA for Health.^\[[@R15]\]^ The secondary objective was to determine whether there are any differences in clinical variables that are known to influence the prevalence of GD, including metabolic syndrome or NAFLD status, that vary by PA levels or gender.

2. Methods
==========

2.1. Subjects
-------------

A total of 10,133 subjects visited the Health Promotion Center of Jeju National University Hospital for medical checkups between January 2009 and December 2018. Among them, 1225 subjects were excluded because they underwent cholecystectomy (n = 316) or hepatectomy (n = 4), because they did not complete their questionnaires or refused to consent (n = 581), or because they had hepatitis (n = 324). If a patient underwent more than 1 medical checkup during the study period, their initial data were used. Finally, 8908 subjects were included in this study. This study was reviewed and approved by the hospitals institutional review board (IRB number. JNUH 2019--06--009--001).

2.2. Questionnaire
------------------

Subjects were asked to complete a questionnaire and to declare clinical indicators and demographic data. The questionnaire was designed by the study investigators and included the following items and categories: address, telephone number, history of medical diseases (including, specifically, hyperlipidemia, diabetes mellitus and related medication history, hypertension, stroke, heart disease, and tuberculosis), smoking history, familial causes of death, alcohol consumption, and other medications.

2.3. Diagnosis of gallstone disease
-----------------------------------

Ultrasound examinations using IU22 (Koninklijke Philips Electronics N. V., Amsterdam, the Netherlands) high-resolution ultrasound equipment were performed by special radiologists. The abdominal scan was performed after subjects fasted for at least 8 hours. GD was diagnosed based on the presence of echogenic and acoustic shadows and echo movement within the gallbladder associated with position changes.^\[[@R16]\]^

2.4. Definition of physical activity
------------------------------------

Subjects were asked to complete a questionnaire evaluating PA levels according to the World Health Organizations Global Recommendations on Physical Activity for Health 2010.^\[[@R15]\]^ Subjects were defined as physically active if they performed moderate-intensity aerobic PA for at least 150 minutes, or vigorous-intensity activity for at least 75 minutes throughout the week with aerobic activity comprising at least 10 minutes duration.

2.5. Definitions of nonalcoholic fatty liver disease and metabolic syndrome
---------------------------------------------------------------------------

NAFLD was defined according to the revised definition provided by the Korean Association for the Study of the Liver in 2013.^\[[@R17]\]^ NAFLD was characterized by fatty infiltration observed on the liver on biopsy or radiologic findings (brightness of the liver and the presence of diffuse echogenicity in the liver parenchyma on abdominal ultrasonography^\[[@R18]\]^), with no history of medication intake, other causes of fatty liver (for example, autoimmune hepatitis, positive hepatitis B antigen, or hepatitis C virus), or significant alcohol consumption (≥210 g/week for males; ≥140 g/week for females).

Metabolic syndrome was defined according to the revised National Cholesterol Education Program criteria. Subjects were diagnosed as having metabolic syndrome if they fulfilled 3 or more of the following criteria: waist circumference ≥90 cm in males or ≥80 cm in females using the International Obesity Task Force criteria for the Asian-Pacific population to determine waist circumference,^\[[@R19]\]^ triglycerides ≥150 mg/dl, antidyslipidemic medication use, high-density lipoprotein (HDL)-cholesterol \<40 mg/dl in males or \<50 mg/dl in females, high blood pressure ≥130/85 mm Hg or antihypertensive medication use, high fasting blood glucose ≥100 mg/dl or diabetes medication use (insulin or oral hypoglycemic agents).

2.6. Physical examination
-------------------------

Height and weight were automatically measured (GL-150R, G-Tech International Co., Gyeong-gido, Korea) without shoes and with light clothing in each subject. Subject age and sex were extracted from medical records. Venous blood samples were taken after 8 hours of fasting. Fasting blood glucose, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), total cholesterol, triglycerides, HDL-cholesterol, and low-density lipoprotein (LDL)-cholesterol levels were measured using venous blood samples.

GD prevalence was calculated according to sex, PA level, and age. The subjects were divided into 4 groups according to age: the 20--49, 50--59, 60--69, and ≥70-year age groups. Body mass index (BMI) was calculated by dividing weight by the square of height and classified into 4 groups, according to the World Health Organizations BMI categories for Asian populations^\[[@R20]\]^: underweight, \<18.5 kg/m^2^; normal weight, 18.5--22.9 kg/m^2^; overweight, 23.0--24.9 kg/m^2^; and obese, ≥25.0 kg/m^2^. Fasting blood glucose levels were classified into 3 groups based on the standard proposed by the American Diabetes Association in 2015^\[[@R21]\]^: normoglycemia, \<100 mg/dl; impaired fasting glucose, 100--125 mg/dl; and diabetes, ≥126 mg/dl. Fasting was defined as no caloric intake for at least 8 hours. Total cholesterol levels were classified into 3 groups: \<200 mg/dl, 200--239 mg/dl, and ≥240 mg/dl. Serum LDL-cholesterol levels were classified into 5 groups: \<100 mg/dl, 100--129 mg/dl, 130--159 mg/dl, 160--189 mg/dl, and ≥190 mg/dl. Serum HDL-cholesterol levels were classified into 3 groups: \<40 mg/dl, 40--60 mg/dl, and ≥60 mg/dl. Serum triglyceride levels were classified into 4 groups: \<150 mg/dl, 150--199 mg/dl, 200--499 mg/dl, and ≥500 mg/dl. Each lipid level was classified according to the 2015 Korean Guidelines for the Management of Dyslipidemia.^\[[@R22]\]^ AST levels were considered elevated if they were over 32 IU/L for men and over 26 IU/L for women. ALT levels were considered elevated if they were over 34 IU/L for men and over 24 IU/L for women.^\[[@R23]\]^ ALP and GGT levels were considered high if they were greater than 130 IU/L and 71 IU/L, respectively.

2.7. Statistical analysis
-------------------------

We compared clinical variables using Students *t* test for continuous variables and the Chi-Squared test for categorical variables, depending on the presence of GD. We performed binary logistic regression analysis, including age, sex, NAFLD, metabolic syndrome, BMI, fasting blood glucose, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, ALT, AST, GGT, and ALP levels, as well as PA. Stepwise logistic regression was applied for the development of the fitted model estimating the predictive probability of GD when the factors were less than 0.1 on the univariate analysis by binary regression analysis. We considered a *P* value \<.05 as statistically significant. All statistical analyses were performed using PASW Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA).

3. Results
==========

3.1. GD prevalence and PA rates
-------------------------------

Of the 8908 subjects, 4696 (53%) were males and 4212 (47%) were females. The estimated rates of GD and PA were 4.6% and 23.7% among male subjects and 4.2% and 18.4% among female subjects, respectively. There was no difference in GD prevalence between the genders. The estimated rates of PA according to gender and age group are shown in the Figure [1](#F1){ref-type="fig"}. The rates of PA among male subjects were significantly higher than those among female subjects in all age groups.

![The rates of physical activity recommended by the World Health Organization according to age.](medi-99-e20763-g001){#F1}

3.2. Comparisons of clinical variables between subjects with and without GD
---------------------------------------------------------------------------

Subjects were classified into 2 groups according to the presence or absence of GD. The mean age, BMI, fasting blood glucose, and ALP level were significantly higher among subjects with GD. The mean HDL-cholesterol level was significantly lower among subjects with GD. Subjects with GD had significantly higher rates of NAFLD and metabolic syndrome, as well as medication use for diabetes and hypertension than those without GD (Table [1](#T1){ref-type="table"}). There was no statistical difference in GD prevalence between physically active and inactive subjects.

###### 

Comparisons of the variables between 2 groups according to the presence or absence of gallstones in subjects who underwent medical check-up.

![](medi-99-e20763-g002)

3.3. Univariate analysis of risk factors for GD
-----------------------------------------------

Table [2](#T2){ref-type="table"} shows the factors affecting GD according to gender. Age, NAFLD, metabolic syndrome, AST level, medication use for diabetes, and hypertension, and PA were significantly associated with GD among male subjects. Age, NAFLD, metabolic syndrome, HDL-cholesterol, AST level, ALT level, medication use for diabetes, and hypertension were significantly associated with GD among female subjects. Interestingly, PA did not show a significant association with GD among female subjects (Table [2](#T2){ref-type="table"}).

###### 

Univariate analysis of risk factors affecting for gallstone disease according to gender in subjects who underwent medical check-up.
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3.4. Multivariate analysis of risk factors for GD
-------------------------------------------------

Binary logistic regression analysis was performed for clinical variables, including age, NAFLD, metabolic syndrome, AST level, and medication use for diabetes, and hypertension, as well as PA among male subjects, and age, NAFLD, metabolic syndrome, HDL-cholesterol, AST and ALT levels, medication use for diabetes, and hypertension among female subjects, were significantly associated with GD in the univariate analysis (Table [3](#T3){ref-type="table"}). PA, old age, higher AST level among male subjects, and NAFLD among female subjects were independently associated with GD. GD prevalence significantly increased with age (odds ratio \[OR\], 1.147 in the 50--59 age group; OR, 2.868 in the 60--69 age group; and OR, 3.863 in the ≥70 age group; *P* \< .001 for all). The factors independently associated with GD were PA (OR, 1.000 for no PA; OR, 0.599 for PA; *P* = .013) and AST \>32 IU/L (OR, 1.465; *P* = .023) among male subjects, and NAFLD (OR, 1.712; *P* \< .001) among female subjects.

###### 

Multivariate analysis of risk factors for gallstone disease according to gender in subjects who underwent medical check-up.
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3.5. Comparisons of clinical variables between the genders
----------------------------------------------------------

To reveal why there was no difference in GD prevalence between the genders, we compared clinical variables according to gender. Male subjects had significantly higher rates of PA, NAFLD, metabolic syndrome, medication use for diabetes, and medication use for hypertension, as well as significantly higher mean values for BMI, fasting blood glucose, total cholesterol, triglycerides, AST, ALT, GGT, and ALP levels than female subjects. However, the mean HDL-cholesterol level and the proportion of subjects taking medication for dyslipidemia were significantly higher among female subjects (Table [4](#T4){ref-type="table"}).

###### 

Comparisons of the variables between 2 gender groups in subjects who underwent medical check-up.
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3.6. Comparison of clinical variables according to physical activity and gender
-------------------------------------------------------------------------------

Physically active male subjects had a higher mean age, HDL-cholesterol level and a higher rate of medication use for hypertension, as well as significantly lower mean levels of total cholesterol, triglycerides and NAFLD than males who were not physically active. A significantly higher proportion of physically active than inactive female subjects were taking medication for diabetes. Physically active females also had the lower mean level of triglycerides (Table [5](#T5){ref-type="table"}).

###### 

Comparisons of the variables according to physical activity in 2 gender groups according to gender in subjects who underwent medical check-up.
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4. Discussion
=============

In the last few decades, prevalence of GD in Korea has been reported as 2% to 3%.^\[[@R24],[@R25]\]^ Because the Westernized diet characterized by high calories and refined carbohydrates has become prevalent,^\[[@R3],[@R4]\]^ the GD prevalence in Korea has increased, according to reports from Western countries,^\[[@R2],[@R26]\]^ The GD prevalence in Korea has recently been estimated to be 4% to 5%, which is slightly higher than that reported by previous studies.^\[[@R2],[@R26]\]^ The present study found the overall prevalence of GD to be 4.4%, which is similar to previous results for Korean participants who recently underwent medical.^\[[@R2]\]^

A systematic review analyzing 22 studies evaluating PA reported that the proportion of subjects performing the recommended level of PA was highest among participants in their 60 seconds compared with other age groups, and the PA level among male subjects was significantly higher than that among female subjects in all age groups.^\[[@R27]\]^ Additional reports present PA rates of approximately 0.8% to 21.4% and corroborate the observation that PA levels among male subjects are higher than among female subjects in this region.^\[[@R28],[@R29]\]^ The present study also found that PA levels among male subjects in all age groups were statistically significantly higher than those among female subjects, and PA levels were the highest for subjects in their 70 seconds or older compared with other age groups. The overall PA rates were approximately 23.7% and 18.4% for male and female subjects, respectively, and the PA rate for male subjects was approximately 5% higher than that of female subjects, which is similar to the results from other studies.^\[[@R27],[@R28]\]^

A study conducted in Europe emphasized that PA plays a protective role against GD,^\[[@R1],[@R6]\]^ and other studies have shown that PA has an inverse association with GD prevalence.^\[[@R30]\]^ The present study demonstrated that PA was independently and inversely associated with GD among male subjects only. To determine whether PA was independently associated with GD prevalence among male subjects, the present study investigated the difference between male and female subjects depending on PA and gender. The mean total cholesterol and triglyceride levels, as well as the NAFLD prevalence, were lower---and the mean HDL-cholesterol level---was higher among physically active men compared with physically inactive men. On the other hand, the mean triglycerides level was only lower among physically active females compared with inactive females. Moreover, values for NAFLD prevalence, as well as mean BMI, fasting blood glucose, total cholesterol, and triglyceride levels were lower---and mean HDL-cholesterol level was higher---among male subjects than among female subjects. These factors were previously known to be risk factors for GD, and their effects could be mitigated by PA. As reported by Qiao et al^\[[@R10]\]^ and Jeong et al,^\[[@R26]\]^ GD is caused by lithogenic factors, including peripheral resistance to insulin, high BMI, and low HDL-cholesterol levels in male subjects, and GD is caused by estrogen that is influenced by pregnancy and childbirth in female subjects. These explanations can be inferred from these results. For example, for male subjects, the frequencies of risk factors for GD that could be corrected by PA were relatively high, and 1 might infer that NAFLD and total cholesterol levels were ameliorated by PA, thereby reducing the GD prevalence. However, for female subjects, the frequencies of risk factors for GD that could be corrected by PA were relatively low, and GD in female subjects occurs mainly due to estrogen levels that are not controlled by PA.

The proportions of physically active individuals among male subjects were higher in all age groups compared with the proportions among female subjects. Nevertheless, there was no significant difference in GD prevalence according to gender. This may be a paradoxical result considering the plausible explanation that GD was caused by uncorrectable estrogen levels in female subjects. However, this can be explained in the sense that male gender is associated with more risk factors that influence GD. In other words, there was no difference in GD prevalence between male and female subjects, although there was a higher proportion of physically active males because the male subjects were susceptible to more risk factors for GD that are correctable by PA, but some of these were offset by the increased PA level among males, which led to the lack of a statistically significant difference between the genders.

The mean age of the physically active participants of the present study was significantly higher than that of the inactive participants. This suggests that as people grow older, they become more interested in health and therefore engage in more exercise. In many studies, age has been shown to be the factor most strongly associated with GD prevalence.^\[[@R9],[@R11],[@R26]\]^ Studies conducted on Korean populations have made the same observation.^\[[@R2]\]^ It follows, then, that the prevalence of GD should be higher in the PA group with a higher mean age. However, the present study found that the prevalence of GD was lower in the PA group than among participants who were categorized as inactive. This finding suggests that PA is a protective factor in the incidence of GD.

PA has been reported to reduce the prevalence of GD.^\[[@R1],[@R30]\]^ PA reduces hyperinsulinemia and peripheral resistance to insulin, which are major contributors to the pathophysiology of GD. Further along the pathway, hyperinsulinemia promotes cholesterol absorption in the liver and increases the secretion of cholesterol in bile while reducing the secretion of bile acids. Regular PA reduces the levels of serum cholesterol and triglycerides and increases the HDL-cholesterol level. Apolipoprotein A1, which is a major component of HDL-cholesterol, has been reported to form and proliferate through PA.^\[[@R31]\]^ Lecithin cholesterol acyltransferase, which plays an important role in the reverse cholesterol transport process together with apolipoprotein A1, is an enzyme that transports cholesterol esters to HDL-cholesterol, and the activation of lecithin cholesterol acyltransferase is reportedly increased by PA.^\[[@R32],[@R33]\]^ PA has also been reported to reduce the activation of cholesterol ester transfer proteins that transfer esters in HDL-cholesterol to other lipoproteins.^\[[@R31]--[@R35]\]^ Thus, in line with the results of the present study, the increase of HDL-cholesterol levels by PA is induced by an increase in the concentration of apolipoprotein A1 as well as the migration and increase of peripheral tissue and intracellular cholesterol to HDL-cholesterol as a result of the enzymes mobilized during the reverse cholesterol transport process. The level of blood HDL-cholesterol increases in physically active individuals, and serum triglyceride levels, which are inversely associated with PA levels, play an important role in the production of cholesterol gallstones by influencing peripheral resistance to insulin as well as hyperinsulinemia.^\[[@R1]\]^ Insulin stimulates the activation of hydroxyl-3-methylglutaryl-coenzyme A reductase and decreases the activation of 7a-hydroxylase, thereby increasing the secretion of cholesterol and reducing the secretion of bile acids^\[[@R4],[@R36]\]^. The results of the present study are consistent with those of previous studies, reaffirming that HDL-cholesterol significantly increases among physically active men.

The World Health Organizations Global Recommendations on PA for Health in 2010 suggested that muscle-strengthening actives should be performed involving major muscle groups on 2 or more days a week.^\[[@R15]\]^ However, unfortunately, the PA questionnaire developed for the present study did not inquire about this PA criterion because the criterion was recommended after the study had already begun. Moreover, previous studies investigated the relationship between PA and GD according to the previously recommended definitions, which were compared for this study. Thus, a prospective study that includes muscle-strengthening activities is required.

This study had some limitations. First, because this study retrospectively analyzed data recorded in the questionnaires rather than directly examining the PA during a set period, this study did not capture the length of time of PA required for an association with a reduction in GD. Second, this study was conducted at a single institution. Furthermore, because most of the subjects were living on Jeju Island, which is far from mainland South Korea, the results can differ slightly from populations living on the mainland. Thus, future multicenter prospective studies in South Korea are warranted. Third, this study did not collect and analyze other GD-related factors, including a history of alcohol consumption, viral hepatitis, or alcoholic fatty liver, as well as weight changes in association with GD. Fourth, this study was not able to compare risk factors according to gallstones constituents because ultrasound examinations are incapable of analyzing gallstones by their components.

Despite these limitations, this study analyzed the associations between PA and GD for South Koreans of both genders, and to the best of our knowledge, this was the first study to report on this subject in Asia. To accurately verify the results of this study in the future, a long-term, multicenter, prospective study will be required involving various South Korean institutions.

In conclusion, PA was independently and inversely associated with GD among males. Furthermore, physically active individuals differed from inactive individuals in terms of GD risk factors, such as triglyceride, total cholesterol, and HDL-cholesterol levels among males, and triglyceride levels among females.
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